The influence of asparaginase on acrylamide formation as well as colour development 27 in short dough biscuits was studied. In particular, asparaginase concentration, 28 incubation time and temperature were changed according to an experimental design. As 29 acrylamide formation resulted to vary significantly between biscuits obtained by using 30 the same ingredients and process, a mixed effect model was used to model variation of 31 acrylamide concentration. By contrast a fixed effect model was used for colour 32 polynomial analysis. Within the range of study, the overall results allowed to find the 33 best conditions to minimise acrylamide formation. It can be suggested that acrylamide 34 development is minimum at intermediate asparaginase concentrations and lowest time 35 and temperature of incubation. Asparaginase addition did not affect significantly the 36 colour of the final product, although the quadratic term of the incubation temperature 37 slightly did. 38 39
2007; Corrigan, 2008; de Boer, 2008) . As it is well known asparaginase catalyzes the 71 hydrolysis of asparagine into aspartic acid and ammonia, thereby specifically removing 72 a key precursor for acrylamide formation. The commercial enzyme based on cloning of 73 Aspergillus oryzae has received the generally recognized as safe status from the US and 74 has been given a favourable evaluation by the Joint FAO/WHO Expert Committee on 75 applications may be considered food additives, amendments to the Regulations that will 78 allow the use of asparaginase as a food additive has been proposed (Health Canada, 79 2009 ). In 2008, the Standing Committee on the Food Chain and Animal Health 80 authorised the use of asparaginase for bakery product manufacturing in two EU Member 81
States, as a processing aid, since the manufactures have stated that the enzyme is 82 inactivated during heat processing such as baking (SANCO, 2008) . 83
Studies have shown that asparaginase activity is affected by enzyme dose, reaction time, 84 temperature and pH at which the reaction occurs (Hendriksen, Kornbrust, Østergaard, & 85 Stringer, 2009). In particular, the A. oryzae asparaginase was shown to be most active in 86 the neutral pH range and at temperatures up to 60 °C. Furthermore, the enzyme activity 87 is influenced by the contact with the substrate. In fact, a limited mobility of substrate 88 and enzyme would be responsible for incomplete hydrolysis of asparagine and only 89 partial reduction in acrylamide formation. In this regard the food 90 decompartimentalisation as well as the water content of the reaction environment could 91 greatly affect asparaginase efficacy in reducing acrylamide formation. In fact, great 92 reductions of acrylamide content could be achieved by using relatively low asparaginase 93 concentrations in formulated foods (up to 1000 U/kg), such as bakery products and 94 potato-based snacks, as a good enzyme distribution in the system can be reached. On the 95 contrary, very high concentrations of asparaginase (>10000 U/L of pre-frying dipping 96 solution) are necessary to obtain a significant reduction of acrylamide in fried potatoes 97 (Pedreschi, Kaack, & Granby, 2008) . However, also in this case, any technological 98 operation which favours the substrate diffusion and its contact with the enzyme can lead 99 to a greater reduction of acrylamide levels. This is the case of potato pieces treated with asparaginase after blanching (Hendriksen et al., 2009 ). In fact, blanching reduces the 101 integrity of the potato, weakening the cell wall and membrane thereby improving the 102 substrate-enzyme contact. Besides, especially when asparaginase is added to food 103 formulations, the water content should be sufficiently high for mobility of reactants and 104 facilitate the contact between enzyme and substrate (Amrein, Schoenbaechler, Escher, Denmark, 3500 U/g) in the range from 100 U/kg of flour to 900 U/kg of flour were 137 added to this recipe according to a three-factor, three-level face centered cube central 138 composite design (CCD) ( Table 1) . To assure a homogeneous distribution in the dough, 139 asparaginase was dispersed in the aqueous phase before to be added to the dry 140 ingredients. After mixing and a 30 min resting time at 4 °C, the dough was sheeted to 141 0.3 cm thickness, cut to a diameter of 7 cm and left in a thermostatic cell at different 142 incubation temperatures and times according to the CCD (Table 1 ). In particular, the 143 incubation temperature ranged from 20 °C to 54 °C and the incubation time from 10 144 min to 30 min. According to literature data, the enzyme is active within these variable 145 ranges (Hendriksen et al., 2009 ). In addition, the chosen temperature and reaction time 146 distribution (Pinheiro & Bates, 2000) . 225
In the case of colour analysis, Statistica for Windows (Statsoft Inc., 1993) was used to 226 fit the second order models to the dependant variables using the following equation: 227
Eq. (4) 229
The criteria for eliminating a variable from the full regression equation was based on 230 R 2 , standard error to estimate (SE) and significance F-test (and the derived p values). 231 conditions with the same batch of biscuit were not big enough to contribute to this 25% 245 of variation and therefore it was concluded that the origin of this arised from the preparation and processing of different batches of biscuit. In the light of a possible 247 variation between batches of biscuits been prepared, data were analysed by using a 248 mixed effect model (Pinheiro & Bates, 2000) . The two components of the model were 249 a) fixed effects, that included all the effects of the variation of the dependent variables 250 (asparaginase dose, incubation temperature and time) which affect the acrylamide 251 concentration in a statistically significant manner; b) random effects, which include the 252 variation in final acrylamide concentrations that are due to changes among batches of 253 the biscuit dough. 254 Table 3 shows the result of the polynomial mixed effect regression. All non-significant 255 fixed terms were deleted form the model following an iterative process until the model 256 was satisfactory. As it can be seen in the table there are two quadratic effects, pointing 257 to two variables with possible minima-maxima. No significant correlation between 258 estimates was found, indicating that these parameter estimates and the standard errors 259 were estimated accurately. Fig. 1 diagnostic plots indicate that the residuals variance 260 was constant and that it followed approximately a normal distribution. 261 for semisweet biscuits incorporated with asparaginase. Models including random effects 12 depending on the temperature, asparaginase inoculation and incubation time were built, 271 however none of them contributed to increase the quality of the fit, as the log-272 likelihood ratio test did not proof significant for any of the models (p<0.05). As a result, 273 the batch-to-batch variation was modelled as a random intercept process. The 274 importance of this random process can be seen in the magnitude of the standard 275 deviation of it compared to any of the normalised coefficients in the model. 276
The batch-to-batch variability can be attributed to a non homogeneous distribution of 277 the enzyme in the dough. This in turn can be ascribable either to the fact 278 that very small quantities of the enzyme are incorporated to 279 the other ingredients of the dough so that it cannot be uniformly 280 distributed, or to a matrix effect. In the latter case, it can be suggested that the presence 281 of fat contributes to create hydrophobic zones where the activity of the aqueous 282 enzymatic suspension is limited. 283
The matrix effect could also explain the lower average percentage reductions of 284 acrylamide levels due to asparaginase activity as compared to most of the data reported 285 in the literature. In fact, we found that asparaginase contributed to reduce acrylamide 286 concentration by 27 to 70% (Table 4) Table 3 are two possible minima of acrylamide, in the asparaginase concentration 296 and with the incubation time. In Fig. 3 and 4 It is interesting to note how high values of asparaginase seem to increase greatly the 301 final amount of acrylamide found and that excessive asparaginase inoculation followed 302 by high incubation times may actually increase the average acrylamide in the biscuits, 303 in comparison with low additions of asparaginase. However, within the range of the 304 study, if the final inoculums of asparaginase is well controlled and the incubation 305 temperature is kept to a minimum, it is reasonable to admit that there will be a decrease 306 of acrylamide concentration in the biscuit no matter what the incubation time will be. 307 providing a minimum acrylamide concentration in the region of study. It can be seen 310 that even with the variation between batches of biscuits, the optimal conditions can 311 ensure that concentrations of acrylamide will not go over 138 ng/g dm with a coverage of 312 95% of all batches. This is in contrast with the worse conditions observed (maximum 313 asparaginase added, maximum temperature of incubation at the shortest incubation 314 time) which produce an acrylamide 282 ng/g dm with coverage of 95% of all the batches 315 of bread and samples. 316 mitigation in biscuits by means of asparaginase addition has to take into account its 318 effects on the sensory properties of foods. To this regard, the effect of asparaginase 319 addition on the colour of the biscuits was studied. The results of the polynomial 320 regression of total colour change data are shown in Table 5 . In this case the mixed effect 321 modelling was not included in the design because the colour data variability could be 322 assigned to a single experimental error term. A random distribution of residuals was 323 found. As it can be seen, the total colour change was significantly affected only by the 324 quadratic term of the incubation temperature, while neither the asparaginase 325 concentration nor the time influenced this parameter. This result is in agreement with 326 observations made by other Authors who did not found any significant change in colour 327 between asparaginase untreated and treated food systems (Capuano et al., 2009; 328 Kukurová et al., 2009) . It is likely that the temperature adopted during dough incubation 329 may influence the development of non-enzymatic browning reactions: the higher the 330 incubation temperature the higher the rate of the reaction that leads to the formation of 331 brown molecules. It is worth to noting that, due to the low temperature estimate value, 332 in the range of incubation temperatures compatible with the enzyme activity (20 to 60 333 °C), the total colour change can vary in a narrow range of values, i.e. between 2 and 8. 334 335
Conclusions 336
This study showed a strategy to assess the benefit of asparaginase in reducing the 337 acrylamide formation in biscuits for managing the industrial process. 
